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{54} Protein disulfide i^om^ra^ d^nv^d from str&m &f : mMh^iotroph^£.-y&&&i 



:c which hsaii proton d&tjftfe .{$sm@ra$8 -activity 
having the amino $$qi$o$e& as m\ rodh in SEP I D 
No, 1 y or protein in which said samnid asid &equ&^.:ha$' 



been ■ modified by cteietiqo at addition of ons or a 
ammo 3&fci$, or hsiHuto* with other aNno aoid(s) and 
vvhlch has a piXMm <&$tfi8d«s iS&*fti s ra&e activ^y: and a 
process tor $F0duet&n thereof 



The prea^nt invent to Ygf$*@&t6; p¥dl&sh d&u$kfe isornerase, an enzyme Which promdtes fdirm8hon of protein eon- 
fbrmahon by catalysing formation of disulfide bonds In a protein, and to a pane thereof. The present invention rectos, 
among m^.:'pfotelh disulfide isomer^ees, to protein dkurfide isorosrase d^rtv^ci f mm a strain of methyteirophlo yeast, 
a microorganism su&abie for industrial' pfipdiJCition : .of va&abia prot^M'due: to He High efficiency of expression of' he?b 
erologoue genes and secretion of the ospnssaion prodMCte, and to n gene thereof. 

Protean disetfide Iep?n0jfgt§e ip&l) is e.e^alor pfoteih: present m the lumen of the eedopiasrnic reticulum u&immd 
to hsK^rtaf^r at EB) and !t :: mt.'f?iret: discoverdd as having an activity which effscte oxidaiiva rcfoidinp. or a reduced 
m%m (Ooidb ti^ef; R. F at a L J ; Biol Cham 238 628-635} , RDi is .Mevs-d to be an enzyme ;^fch catalyzes 

ferm&tksn ahssahte conformation by recombtOing : disulfide bonds of secretory proteina. 

h has been pointed out that, in the ease of helerofecp-ls proietne trv MrJlduS&f secretory proleine,, x#i ieh oten have 
d^utffde. bonds, ?acp?t3blnatk)rt' of db^inde bonds by FD1 well as proieln folding by peptidyr^rqlyN^ 
{PP\} represent the fat^^rnitfng step in th^ secretory process of protons (Geth*ng, M i: ano s 3ambrook : J, 
Heb p« 3S§; $3 45), if has also been demonstrated that: FDI promotes folding of proteins consisting of a single domain 
such ps RNass m .vitro £$'^s3.{J^i$jk$ : R; (1993) 0wr.;Op*ru Bitml Blot % f 04-10:2}.. 

On thf other hand, because strafe of mothylotrophlo yeasts pjow using methanol m the. eoJe carbon source and 
they have high yields, of cells : they havo heesvused lor the production of materials for use in the synthetic chercleai 
indijTSrtiy including, foe exampte; :#i^hyd^,euph f omBid^de< epoxides, n>eihViMhyiks^one : and fornw acid. Be- 
search has been conduced on the po&slhte ^tljkatton of the : eeOs per ee as a proteih' s<zwc&. : mti \M : utilisation tor 
produd&on of cell components such as amino adds. v:tamlhs ; and the like, and some have been pet into practical use 
In mo&ni years. tUEthermqre, sip expression system o! heterologous g^nee ^slng strain of. niethyierrophjc yeasts as the 
host has been ddvebped and fr hsis been shown that said system has .& higher prodnctiviiy than Sace^ 
(Japaneee Unexamined Patent P ubi ie^iion (Kokas} No. r 

Its predustMty b high e^pee)a!iy lor §«er$tay pfote?ne. For exatnp^e ; the proouotivlty of ^^ec^myjase derived f rom 
lyafnenious irngl m the genus Rhizopus was 0 4 ayJ y which m about 10 times higherthan lhe producriv^y by Sncsba: 
MMSi§ yeasts (SaHaL Y' ? .et.a:L (1996) Bioshjm. Biophys, toa 1303: 81 -87} As the stfash of methyMfoph : ^;y«et 
there are known Candida boidjn^. piehla pastor^, Han$sn>^e,po[y^ofpha, and the like. 

When hejefoiogous proteins are produeed by secretory produeiion using reeo^ 
cjensy of the secretion js though i to he incroaesd by enhancing the speed oi tosdin^ proielns. Based on such an idea, 
an example has been disclosed -in-whiph the arnonnt secreted os human albumin wae inoraasad by abouit 80% on the 
avefaQe by Poexpreastnp. a human PD;! gene w^h the deeded gene in a^^hjrjj^ybM.y^^- (uapenese Une^arhined 
Patent Publication (Kokar) n® 5-3877 

Formation or e^ehanpe of disulfide 'bonds whieh are necessary lor appsop^ate folding of proteins requires ehyV 
ronments suslab^ fherelor For thai purpose, eukaryohe eelJs have Ihtiaceikiiar oornpa^n>ents sunn as ihe ER or the 
Soioi appismioSs ete. Wntle passing through tha eornp^ftrnents. eeeretory protege are sub^ented sutteb^e ?6kljru| br 
addition oi sugar chains and i.hen are seereted out of the beir by means ot exosytosis, tony or the eeeretory proteins 
of aakaryorlc drtgin have intmmoieeuiar dlsu^ide bonds , and formation and e^rshange of these disulfide bonds faking 
piaee in the ER are oesenttal for formation orprotein conformatron and its secretion. 

Accordingly; the PDi vd^feh eaia^iy^es reaetbns 'or fouTsatfon and/or e^change of disuiede bonde must belosafeed 
or slay in the EB. For this purpose the PDI has a lidjqee amto acid esquenoc sa^ed an £P retentbn signal ssquenoe 
arfhe C^erminai As SB rsteh^on stgnai sequsndss there are. Known l^s -Aep-Olu-Lsu (SEO ID No, 2} for animals and 
His-Asp>GH^Leu |SEO ID No; 3j tdr Sa^e.haromve^s- .yeasts- Whan the human PDf gene as deserfbed above was 
expressed In a ^ebharpmyp^e £ H retention signal scjquense oi the burnan PCM did noi fulfy f nnct Ion, wt-iidb 

was possiibiy due to Inadequate iooali^atk>n of the PDt In the ER Thus, ill is behoved that even the highly expressed 
PDhgene did hot cause enhancement in the PDi actMy commensurate wlih the expression in the E R, and Stesordingiy 
the increment of the aniount ..secreted of ihe ooexpressed secretory protein remairied at a vaiiue of 80%; 

In order for the P DI expressed In a sh atn of methytotrophic yeast to fu^y perlorrn lis f unctions, it is preferred to use 
the PDi derived horn a suain of meihyto!?ophic yeaet The reason i^hy the strain or methyiotrophie yeast has a high 
ability of eeereting pmtain m described above Is Xh&\\ mc^M&ii&fr -of 't$so8ld§ bortds by the PD! which is the rate- 
limiting step of the' protein, eeeretion process takes place e^eiently and that the POi derived from the elraln of math y- 
iotfophio ysast has a higher speoifie acf rvify ihan the PDr derived f rom other sources or has a higher activity In the EB; 
However; the PDt of the etrain of methyleiropbie yaast or th Aosording3y m stbdies had 

been .earned' out on enhancement of pr^duotivlty In the expressfor? system of the strain of mslhylotrophic yeast by 
using the above P'QI or the gene thereof. 

The inventors have carried out intensive studies to clone the PDI gens earned by strain of methyf atrophic yeaet; 
to elucidate the nucleotide sequence thereof, and lo reveal the characteristics of the PDI of strain of methylohophlc 
yeast. Thus, it is the ob^ee? of the present invention to provide the PDI gene debvsd from strain of msthylotrophio yeast 
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in orderlo ®iUtimcmih?y production oi he^mlogous genes stsmn ol methytoi roph \c yeast \n a^mSSfclmimmmt, 
fn order to Main the above-mentfoned objective, the inventors obtained a DNA fragment emptied by the 
PGR using as a primer an djlgo^cleoil^ syhthestzM based on an amino ao*d sequence of the consented region 
present h mo aoiivs sM of the PDI By means df 'the- colony hyhr sdh^Msdn method using this amplif lee ON A fragment 
as a probe, the snventers nave cfehed the PD I gone of the at rah ormatnybtrophie yMM C^dida; hoafef^^d .d&m> 
omimt$$ tti& fyti6\%oizti$ .$^'^d&'<^--said'^1d : ^^'thef- amino assd sequence of said POL F a rths mnore : by compress- 
ing the petOKldase gene derived from a fiianientous fungus ;n the sfrain ol meihylolrophb yeast transfonrsed with said 
POi gene, the inventora have succ^ssfuliy increased by about TQIi^^' i^-arQO^nt 1 ^^^!^ of said peroxidase and 
have aceompiiehed the present invention . 

Thi*s, the present invention provides a pxoWm d$riyed::f *prn a strain of rn^Uiyi^roj^^p yeasrwhjdrnas a p*<$&fe 
disu^kie c^m^?^e acUvity having the amino aeki sequence as act forth in SEO ID No 1 y af.pz o&ein ir? mhich said 
simino aokisequanca has been rnod^jad by deietlon or addition of; one or a few amino -acids, or spbstshitfen \$ih-d&i£i 
amino aeid(s$ and which ha^ : a protein diecirldeisomarase activity Tho prosenl invention also ptovidee a gene encoding 
the PDh a vedor comprseing sasd gene, and a host transformed w&h said vector as werias a process for seereting jo 
•large amounts the desired protein hy coexpr sssing the gene for said desired protein in said transformed yeast host. 

Bm ? EXPLANATION OF THE DBAWiHOS 

Fig 1 is a drawing thatahows a restriction enzyma map of the .6.2 Kb DN iA Moment pertaining the Pip.fi, gene of 
Candida. bosdinit the reaion i&r which the nacieoilde sequence was determined; m& the- poaMm and-direction-of the. 
FQ11 gene thereof. 

Fig ^ is. a df&wjog that shows the f eaaft ol Southern bybnd&atksmd^ presence of the PDI gen e tc 

Fig $ ;s a drawing thai shows the consinjchon of the ^r^^oo vector pNPDB of the ARP gene and (b) is a 
drawing, that shows the: consheshon ol the expression vector pNRPD of ih®. PD; 1 gene. 

Fig 4 is a drewln^/'lhat: s^ow§- : a : . procedure' of ;coh#ruetiQ?)-.of the. expression vector pNRPD for the PDH gene. 

Fig S is a eohematic ; diagram showing she s&Ue *h \^i$h\twA&P g&mtim. $®mtni&§i%&®$ into;ths : g0?iomfc. DN A 
of the BPQ 17 strain, and a drawing that shoves \h& rmm of Sow them hybridixaijon oonf \$mn% % 

fig-. 6 is a schematic diagram eh oyving the ste^e ih;whfeh ;he POii gene has bean iniegmteid In^o Ih.e g^omie 
DhiA of the "8PP1 $tra<rva^d &^ 

Fig 7 : is a drawing that shows the result of Northern analysis wriioh amtym&-th$ amount oJ the expreesed POM 
■geao. 

Fig. S is a drawing that shows the ARP activity sh the eolhjro 'isq^d'of each of the euitdred BP017 &iraln ; the BPPi 
shain ; and the BUL strain. 

mm LED DE.SGB PT1DN 

The present invention is now expiaincd in de^aii below.- 

Pjrst. the seqeeaee, Cys Giy-H?s-0ys ; widish is conserved in PDi : s from a vehety oJ soamas as the ant ive center 
of the exchange reaction of disu^ida bonds was foOnd at two sites in the amino aeid sequence of the PD! derived f rom 

Based on the amino aeid eeauenee of PDi ^l^SMli^M^ comfi? Ismg said seqeenoe 
various primers tor the POR were designed with reference to the frsqeenoy o? uee of codons tron r the strain of rneth- 
y^otrophic yeast Using these phmers P€R reaotione were carried oat mmg the geoor^c DNA d! the strain O; memy- 
totrophio yoast as a temiplate, and the amino acid ^^u^oe dsdue0d : from the necleot^de sequenee o^ the PGR reaction 
product thtrs obtained w&e oonfrrmed Jo he analogous to the amino aeics sequence of PDi oJ S^oejwgeae, 

The geoomio DNA of a strain of raeihyiatrophic yeast is oompietesy digested with varices restriction enzymes and 
io lraet*on&t£d on agarose gersieetrophoresis : Using the ahovoaTiontioned PCR products as a probe. Southern hy * 
bridi^at jon m carried oat to find e f esthof ldn enzyme which gives the se^llost DMAtm^©r^'cdh^ln : ^^ : th^ ^ntlro. ?&%km 
of the PDi gene Using the genomic ON A or the strarn of methySeirophiD yaaehvyhfeh has been compiesely digested 
with the restrietiion enxyree, a genomic iibrary Is ereajed, which is thee subjected lo coiony hybhdka^oni uelpg the 
.a^ve^eptlpned P^B prodeei a^ a probe Jo select eiones havina iha PDI gens. 

Plasnvd is exiraetsd f rem the selected cione, and is eDdiec^ed to Soelhern hybhdiKatioh to confirm that ihe plasmid 
eontasne the sequence of above^mentipned POR product Furtherr??o^, a restnetfon map pf the itvserted fragajerite 
of tNe piasmld is created, based on which suecfeoing ?s eondeeted to obtain the sma?rsst DNA fragment containing 
the PDi gene. The nucleotide ssqaenee of the DUA fmgment: obtained is datenained and the amino acid segeenee of 
the PDi; derived from . the strap of methy lotroph ie yeast is anaiy^ ed; 

The PDi gene thee obtained derived hwt the strain of methyloaophie yeast ean be highiy expressed in the strain 
of methyfotrophic yeast to prepare the PDi Ae an expreeslon vector for the PDi gene known vectore may be used. 



•ar^ m :: M e&p reason Vector ior< iM4U$ih of m$tfcyfoiro$^*c y^st : Oandda &oidsi& pNOlferor pTR^ as -d^SGrlb^d in 
Japanese Unexamined Patent. FuMc&^Oft (^okaf* H6. 5-344896 may be Liead. As tha method tor transforming ih® 
strain oim the method for obta l^^ng a t ranstormant In which a foreign gene has been ^integrated 

into the chromosomal DNA thered, a known ms>hod { Sakai :¥. { 199 1 .}■< J; B&otaho?. 1 ?S; 7458-7483} can ba asad. 
Furthermore, ths amountsenrated at the dos s rod secretory protein am ba enba;naedi by co^xpmselng the PDf : gan& 
dsnv^d from ths strain of mathyfetephiio yaaat "w8h'lh8;ggrie.of tha c&sksd secretbry 'p^^.iri' : ^:.stm$n of mathyjo- 
trophic yeast. 

A^hough ahe PD^ d&riysd f nam. The strain of rnathySoUophic yaasi had tbe ER rebsrraori signal Af^-Asp-G^u-tey 
(SHQ 10 No. 9} v^.^.'^'^0^llforr]i His -Mp-Gb-ten (SED ID No. 3) derived from a^^^m^c^ yaasb &w<$ 
h no doubt that the cetieo? C Jx^d^lj racognssa ihe ferroer saqaance v^hfeb & oHIs own and the PPi is retained foy 
the EB tp-.lJE.-j8y perform &a function. As expreaasoo vectors err rpbyed tor depression of the rDt. thosa ir. which: amp* 
trophic markara pitch as tha ^bova-rnsnttead pNOtal aod pIRsx ■bays bean . replj^cad vy?th tha \gsnas d^arent Ironr 
the on as nsod lor the expreeeJon v actor oMha doaiirod protean may be oaeci Flaihermore, by Impaf^ng to tho host 
sirain of rn^-thy^otropblo. ye^tayxotropby oorr^pondirrg to th$ tyso markers of the oxpressbn veoto-r, transtorra&tion 
is poseihie by the metbod aa desebhed above As tha method for imparting .auxoirophy tO: lno :Ste : ia of mathybrropnio 
yeast ajmewn method (^H?ly>^;M : (l$St): J. Baolehoi, 74SB-7463J can be eseb 

EXAMPLES 

The invana'on ba undaralood more ;ns$ds!y retereoee to the following esamptes; bowavar tbeaa a^tmplas 
are intended io IKa^ta^t^ . ihe invention and are not to ba eonatraed to limit the aaopa of ih.® invention. 

Exga^pja 1 : 

F romC^ndldi^g^^; mm §2 (TmK Yi > ei aL 'ft 0$o) Agr le BioL Cham . 49r^M70$),;t^ PD* gene was obtained 
and the nucleotide .sequeoeo: tharaof was d;Marrn!nad . [ncsdanta^y sa*d strain has bean dd^^n^t^:Q|^^^^oM 
S&1$1 358 and deposlled as m ^i^^W^i^^^^^.ur^^ tha Badapaat Treaty on Febraary 2S, 1 992, witb Naiionai 
Insuiui^ of B^scianoe and Human^Tanhaobgy. Agency of Indusblal Sosenoe and Teebnosogy MilT 1-3. Hf^ashs 
i-choma, 1aL^aba-sb;. (barak^ ^06 v Japan. wMh &% mxmmm number FERM BP-3?66, 

it) Ampiioation by PGR 

TVkKJ aeqoancas ^vara noted aa the amino acid sequancae in the PD^ .^^Mi^M^M!i. :f ^^^nc^ 
(8EQ iD No. 41 n aeqoanoa wbiah ia eonsa-vad m %w. POl&i mmus of^im m the aativa eentar ^ olibe disainda bond 
exchange reactk^i: 

Pra-Trp-Cya-Ql^^ (SEQ ID No. 5 ) 

(amino aoids No S9 throaqb r4o. 85 m the amino aeso saqaanoa dt the PDI of Snocharomyoes ye^at), 

Tyz™Al&~Pro^ (SEQ ID NO. 6) 

|aniino ac:d^ No 402 tb rough No. 408 in the amino aoid aeqyenoa of lba PDJ or Ba^^axmr^m^ ya^st ) . 

Referring lo ihe traqaonoy of aso O: C^ojd|nJ oodone, oitgonyola^tido having tba toliowmg naoieotida seqaanoe 
oorraspondjng io tho ammo aoid eaquanoe vvas aynthea^od: 

That Xh& &Mmprm®i< 

5 ■ C GG AATTC € CT ( A } TGG TGT( C ) OOT ( A ) C AT|€ | TQT { G ) AA— 3 
(SEQ I D no. T) f 

and as tbe antiseo so p rjme r. 



fS^-CGCGGA^CC TQ A(T}€£ A(G)CA CCA A(T}GG A(G/T)GO 
^CG)T-3 ' ( SBQ ID m , 8} 

W& ^hf Tfte$« oilgonuclaoisd^s haw on thair Scenes the sequsnss \*th&& rmogn&m BcQBi and BmtiHi 

m$ptKtbfkty. Th% f -.ar$ -§o. das^hed that ad EoaF^ is foraged at ifr a s-end and a BaniHi & lora^^d althe 3-aod 
of the DIM A f fagmanta amplified by Hiasa two pnmara, 

Whea • FOB: reaction.. was earned <^t'ti^n : ^!th$^^oi^iCE- QNA of S... M'djnjf a§ a temp*aie and the above [woofe- 
rs ucteotkies as a pdrae^&n amplify OH A 1 nsgniant of about 1 kb waa observed, The amp* $ed fra enfant was rocevef^d 
and a DMA fragment qj afaous 250 bp ofeiaSaed by d;o;astion of said iragment with a ir&sif^Hon- eo^me.ScqRS was 
1haede$ into the EebB^diges^kj pBlaasonpt .11 SK i . Anafyais of the m^eqtide- aeqaanea of fha inserted tnsgrnani 
rsveatad a nudaotide eao,Manca ancoding an amino acid sequanca having a high honioiopjy with the amino aest ae- 
■quenca of ifta PD? of S, gMa^jga^g. and shard of e in *s D N A tagraan twaa conducted to be pah a! the PDs gsna of CX 

£2} Southar^h^ genomic DNA 

Qariomic DMA was seol&tad a^om the bacteria* cpU c^ Cm^id^KMm S£. M the method. for isolating QNA, 
ihara ia menfjoaed a method Oyer (ptys* p,R. m al (1 f?6) Math, Q&ll Biol 12: 39-44) The genomic DMA of 
Candida. b&fcSnu strata S2 was elaavmf with various raafriofton an^ymae and then saparsled on a 0.7% aoarosa qes" 
by e:aoUopbofe$la Tha saparaied E>H& waa iranatet *!$d to: and jramqkifesd or? a nylon OT&mbrane {manu&ctarad by 
An-iaraharn). A £50 bp DMA fragm&nf ooaialnio0 tha ahova^enrioned -PDi geaewas labeled with MP Lsslng the Ran- 
diomlWrie* kft (maa : ^act^rad hy Amemhamr 

The labciied DN A iraen>sat added to a 5 k SSC 1 % SDS - Tx 0#nha(dt ^allw'to-ptepafe- a hyhhd&atlon 
aek4 : 5oa.,This hyfofldi nation; solution was addedlo the DNAr^W^fe^^'-nyio'ft'Hi^b^nie. and aneapSLr;af ed in a pla&ttc 
bag . After the encapsulated plastfe bag was incabmed at;8lr C for 1 8 hears, the nyion mern^rane was ramov^d from 
tha plmi m mg am wmfrm m a 2. x SSC •- 0, 1 % SOS aela^on at room temparaiiae , Sabaaeaentiy the nylorvmembf ane 
was ihcabafed m,-a 0.2 x SSC - Cu% SDS ^ution and aaer the solution was replao^d with a now one incubation at 
05*0 for 30 minute was rapaaiad. Aiter lha was w?ashed m a 2 x SS0 : it was aMned and auh|eoied to 

■^'Mt^adipgra^iy,:- ^ ths ■snrtalis^ -OH A lm&r\^ tybtidmr>g to the abova ^entbhed 250 hp proho : ar? Xbal fragiTiant 
oi about 6. 2 kb was found-as shown -in . Figv & 

■ Ddain^ of the PDi o^na by ed^ny riybnd^al ton 

TFss garEomio ON A 6f^^j^bgM^>^ttajK)' wa.& oornptalefy digastad with a raeirje^on aazynia Kbal and Irae- 
tionated c^.a-O.?%^i^r^0''g^f-^^tirbf^^^fe. 'Th^ agardsta at around 6.2 kh was axciaad and \fm DNAvlta^yti'ers.l 
was fecoyared using a ON A ce^ (nlany?actarad by Da«eh? Kltgaku}, Tha feeov ered ON A wsia inaened iniotha Xbar- 
:digeated pBluascnpt ii SKk and B§oharjoh^co|j §lmn MW9- Irahsfdrmed to pt'epam-th^ genome library of 
^andjda bo jdtnjl strain SS. 

VSVrVrVrVrVWWWVVWrVfVVWVW 

Tha ;:&ia?y was .acraen?5d colony hybtid^ation aaln^ tha abov'^-ra'^htion^d 250 bp DHA bagman* as a proba to 
obtaJn posiuve aloaea. 7m. hy&tk&mtmi eondJUdas wa ra the aarne as tha* c» the above -rri^nrionad Sobthern hybridi- 
sation. Piasmld was recovered from the pos&w& cidheato create a re^trfe^on enzyme map of the insartad DMA 
mmts. Tha r astboaon an^yma map so arsatad & shown in Fjg; t . Byfealonsng ^ oar n^o out baaed on tha restriction 
•e^^yme map m& th^ DNA fradmoatoontaining fejted to about 2 kb (the -\M hand side ?n Fig 1) 

spanning from Xbai 5o San 

(4) potan-ainatfon of the nuoloof ida §aque?too 

The nacledfida acquence of the above XMA hagmaaj orahoaf 2 Kb epar?n:irio. tmn fo Sat; was dajermined 
The DNA hagrricnj wae cbned Into phage -Ml 3 in iha both dirndl ioaslo prapara each of the doabks stiandad DNA's 
(RF). Those double at ^nded DNA's were avowed m ;. react wHh E^charjclM.coij exoaacieaea 111 to prepare a double 
stranded DMA in wh?c,h dase^on ha^ baen ptrodt^ad m om daec jk>n. A n^eihod for amklng an p^aemld having a one- 
diraetsoa deletion snear^on us^ng axoaiiclaaae Iff haa baen dascflbad in de^^l m paoae ?n ?: Zoki? Sashagaku 

Jikk^n Kouza {Saqaei jo the Behes .of B^ochomiatn/ E-xpabraents), y&l t, Idensh? Kenkyaahoa {Methods ior Studying 
aenealh". 

Each of tha doabla strandad DNA'sin wbioh deiat^on haa bean ineariad ;n one dirachon obtained in the above 
method was trans formad Into B. jzgti simm dMlD9 to rnaka a phage alone m which delation has baeninsanedJn ona 



dir^Edfi From aadh ' phs§s< £k>m a double stranded Di^A \^.pmparM y lor which 1 tha icfegraa of. datelioh wa& invest 
ttgat&d from the oseavaga p&Usm fey rastneaon en2ymes : and then single stranded pMge DNA% waira preyed f rom 
a pp update cbnas Using Ideas s^ngie atrand^ phage DNA'a as the template the nuo&ot k3a: saquenM detar- 
m$nad by the dsd&oxy method (Bangac F. et a?. {T$7?) Pros ; .-Na*L Acad Sol, U S A. 74r.S463jf, By fcgs&ogthe nudadtide 
aaqi;enoe of e&ch cbna lhe frucfeb&ds >squ$nc$ of 2.0 kb spanning from the Xbal site to immMiately befora the Saii 
site: irvB'g, £ v*as dote rained. 

BED \Q Ho. 1 shows* th a nuc bolide eaqaenne and the amino acid sequence of the f*B\ deduced from .the nyeisohde 
sequence The PDI of 0^gO|^0| was found !o consul ol 531 amine- mkls encoded by the nasleolida : .saquence-1r$rn 
the base No. 367 through 1959 of the mjeieotkte seqeenca ehown in SEQ 0 No, i, and waa dossgnaied the PDil 
gana. The amine acid sequence of tha . PDI : 1. has ahown a horaotog^ of 45% w&h the PDs dedved from 8 ,e^;ayjpe<?e 
and 22% with the human PDI. When analogous eo^no aaide are cc>n^dar&d : sha homplc^y was 54% wtft tfc® -PS* of 
S cen^lca^a-and: 49% w^h the hu^an PPi. 

Tha sequence which h^ been conserved m the PDi of vmioes odojfts as the aot^va cantor of ;|ha djsytfide bona 
exchange reaction of the RDh j^/Cy§-G^-His-Cys (SEO iD- No, : 4). vme toa.no in iwo sltas:. the an^no acid aaqyenca 
Item amine acids 61 to 04 and thai from -amirso acldfe to 411 .of the amino acid seqeenea of SEO jD Na L Far- 
fherrTspra, the EB retention asgnal .§sqy^a :: pfa§sm' sn the Oaefmiaai :waa #g^a^0.ki-Lay {SEQ ID Mo; 9), which 
was dslfarent frpni the PPi M B.',mm t km® i - H^Aap#&-Lau (BED 10 No, % or L#s-Aap-Siiatac (SEO \Q-f$o. 2} 
widely occurring in the PDI of mammal. 

The ma^uramant of IM a^tr^y or pfdteiJ? diaa&de isomensae cars ha padormed by invea^iiqatsng the aocaseratiog 
enactor* reaseemh*y of the scrambled rioenac^a^a A tRN^aa A} which : wa$:ra&da. fey- ^method sompdain^ reduction^ 
denMuraiion and raoxld^tbn,: The degree of a^esece^iy of hbonncicasa A Is q^^alltated uainq the degree of f eeovajy 
ef tha enzymatic aoaVity aa &o index (Japanasa Unaxan^^ed Fatant pab!?ce:iion (:<okah No 6-38771 }. 

By ^ measuring the; §otiy% by Ida above-n-saotioned method: it waa co^iirmad that the strain of meihyfoirophic 
yeasMranstoi-msnt oontainlng the above DNA hB^msd} had a higher p( msm ; disu^da mmmm& ..actlv% than the 
Iraneloariad Mt$m of malbyky? f op h?c yeast ae the pmtrol as shewn \t\ Fig, !■ 

Exarnpla 2. Seoret ion ot the dee^md h^tarosoeo^e pretaln 

It wae confirm^ thai .th& ••amom>i^ct^i^r;of ARP k kntmmd by coexpj'asslng the PDil g^ d^^d from the 
straia of mathysotrophie yaast 0. holdsnll and tha pere^^aae gana (ARP) gaha derived from a lilamantous fungus 
•^S^OI ^^ ^al^^^ PMOTal usad aa an expreaslon vactor and tha ARP expression vector pNOIa fABi^^hava-^a^h. 
diae;oaed m Japartasa UriOxamined PMf&$ -Publ^t^'. (K<^ji)" 5-344895, 8^ exchanqsng the agxotndphip markef 
fURAG) of pM0Tei for tiia LEU2 gana defied toTvC..Mkt£fe.. m mptm^m . vactor : hav}n^ m aaKOtrdphiC marker 
different from pHOlel can he oreatad it ia &im pee^ih^ te e^aot t^an^ormahen by ma two axpreaslba vectors man - 
ttonad above, by sm^ftlng to tha strain of: malhy fotreph:c yaaat aaxoirophy eorresp&ndmg to the ms^bf s o! these two 
axpfeeaien veetore. As a method for impeding aaxotropt'sy to the stm^n ef methy^o1rophk5 yeast, a known met hod {Saksi;: 
Y e= al. (1991) J. Bactaiiol 173: 7458-7463} can he ased 

(1) Cenctruetbri 61 exprassbn veetora 

A 1 . 1 kh EcoR! DNA fragment conta^ntng the ABF qon a was exc:?aed from p^asmsd pNOIel ARR and than jrmartad 
into tha Not! ^ita of pNOlal to craata plasmid pNP03 as shov^n h^g..3(a). 

For the purpoaa of expres^nq the PDil gene ; m axpreaaion vector having tha LEU£ §ena as an aaxotroph?c 
marker and the nbosoma DNA ■ rDN A) dt D J^j^n|] aa a ^aombination a*te was areatad in the pi^cedare as sat 'forth, 
in Pig. 4. To feagin miU : pNOTel was ofaavad with EcoRl ahd Htn&ll r add. Ih«r> a 2^0- kb : ON A fragment odhtathing- the 
piomotar and terminator O: the alcohol exidasa pane (AOD 1 ) of C., noidim: was excised and lasartad into the EcoRI- 
•HrsdN ! este ot pUCi 9 to areata psaam id pNDT48: A ON A f r sigmant nontax log f DNA dar^ad fromg ; ,_.bgjdfeii was'-obta-lnad 
by tha PQB method and waa than inaeded into the HindHi a^e ol pNOT48 to areata p^OTMR. Riasmid p€LEU321 
(Sakai M at (l§Sa>.^ BactenoL T74: 5988-5993} containing \bp i^W gem ot Ca dojdjnj) ^was dipeeted wjtfj %coB\ y - 
and a DNA haqment containing a 3J? kb LEUS gana, wh^ch waa f>3t"idefed -^1 uri|-^nd<5i^-. : .-j^tt:oj: . th^^-b'ki^i-^ndbd 3 2 Kb 
DNA Jtagmant ^aa digealed with Ndei, \t was insertad into Ida blunf^ndad pNDT48B lo craata pNL h 

k: of dar to jntagrata the aheva e^pr eeai^ veetors. a Nod #a was created on both ends of tha PDi gene by the 
PCR method, Aa tte aanae pdaier- 

5 ■ - A^TAAO € G€ AAAATGAAG1*1?AACTAA^TTC AAA 3 < ( SBQ 10 



and sis th& ani\&mm pnmeL 

"5'' >. : % 

l I i 

were ^p^^mKiM the ^-and Oi th«5SS two <3is^qnuc?«Ol^0§ there is a sequenco nseogn&ed t>y Not;: so maia 
Noil site ..may be cn^alad immediately before the in&la&on oodo$ aod'lm^c-dat^^ &&or MmM&tiQft codon -of the 
■FDj 1 . gw; % OH A Mgm^nf a^HAs^f; .using these ptim^ Usfeg,tfts gonorriic DNA otO:MldMas a temple and 
the above li.'so primsts aa a primes PCR re&cilor^&s carried out and ihe amplified 1 t> kb QUA fragment was d'jges&xl 
mih Hbth 'Mlc^mm ki^fhiciWoXH^ tt&i{M&-& 0S&efM3 pS*ii&&ti\pil\ to create pSKPO. A 1 .8 kb DiNAtraomarii 
obtained by; digesting pSKPD wfth Hoil was Inserted into the Nptl site of the. ab^ve pNLI to c?ea£& pMRPD as shown 
i;n 1% 3(b). 

(2) Creation :Of a transformed ysaet 

:Uelno the two expression vectors n^ntionsid above : m ii % a •tm^^torman$ oi the- &mfa ;of ^t%1dtropbfe yeas! : €L 
boig0il wm ereated^ The b&efs.b&f strain used :ss: tKa & C^bojtel BUL (area ku2> wherein lbs LEU 2 gene etfjl 
fegjgipjj s&ain 7K6& : (ara3) (d&cjCveed Jap&nsss-" ^j^^h^d : ^t0iit £u6iie&&$0 (Kokah No. 5-344895} has been 
dastnx^ed. The IEU2 :aene o! 'C beidirvli has b&en d&eiosedby Sakas e! as. {SakaL Y ei &L 099£} J Bacterid! 174: 
£96S*59$a), The method or tmnsforrnalion o? G^JxjgoJ has been diaefosed \n Ja panese U^iwmned p&lmX F'M&k" 

To begin with : a h ansformant of the ARP g&m wa§ a eated. Alter meARP mpmmkm vector pMPQS was :%£an.£ed 
by d?9W^ph with 8&ro:Hf ^ Mglirff : sivMn BUL lmZ}.:mB- Xtm$k®tn&d.< aodirenetoorsante wer^ s^^ected us^ng 
UraSr, shown m Fig. S A), B) y in orr<§ ^'tho^ttans^^^ts^^^t©^* Ihe BP017 stfaln. tno onOre re'^te-of : 'p.^lPOS 
oontasning the AR P gene: has ^tv^$^gr<^d:' imfr the. ; y raS scie ey hortvDlogoys mcombinat^ o* th«; Ufa3.;is5te m the 
ohromoeb?mf DHAofthe host yea^i BUL sirajn andth<5URASsli:e in tha^xpfes^^onveotorpNP 
by ihe fact, ae show^ h F*g, 6 0%. that in Soy^wn h^bfldj^Uto .darned out lustng as & probe.a 3.3 kb S&mW -Bm OHA 
|re§m^nt conia^ning thd mlim mg}m oi ih® UBAB gsn^ ali^r the g^omid ON A of the host BUL strain and ^he trans- 
formanl BP017 wssn were oigestsd wlih BgUi. a 5.5 hybrid^ng baqd In -te: BUL, strain and a 14.4 Kb h^bnd^ing 
tm& in tha BRD17 atfain obsorvoo 

t^exL ustng as the bos! €J^dlnJ etrain BPOI? wbicn was trandofmed A^th tho above' moniionod ARP 
■:C0m : a t?an#ormant of tbo PDH gene was created Alter the PQU e>?pr«es^on vector -pN&PQ \\m:#nmnm# by 
gesiUoji with ApaL the SPD17 {\m2} Wmn wm transiDrmed aha the BPP1 ^tjBkY vva^ obtained after s^^otton w^b 
Laa-e in the BPP1 &ttm& m shown in Fig 8 : A) : B), the entsfO .^^ion oLpNRPO containing the POil i^ono Irate boon 
imopmt^d into ths. rDNA^i^ by homobgoes foeombtriatton of thb rD^A s?te on ihe ohrarnosorTiai! DMA oi the hoei 
yeaslBPQI? strain and'lhe rDNA site n Lhe ^xpcaseion vacicx pNPD3, sntagratso-n of the ;.FDf1 gene jnio tho chromo- 
somal DMA was oonftnTied by tha faot. as shown In Fig, 6 lhat m. So^eiem hyohdization oarnad oel using as a probe 
a 1 ,8 DNAfragmantcon^a^ning the PDH gene obtain ad by digestion of pBKPD w^h Noli after rh^ genome DMA of 
tba BUL strain, the host 8PD17 strain ano' the tranefermant BPF1 strain were dio^eJad witfl : HhdlH', a band derivad 
fforb tha>a0on containing a 12.6 m Intrinsie PD?i gene fforn the BUL strain and the SPOi ? simfa and a 6;1 Kb band 
derived torn tho expfee^on veetor pNRPD 1^. addslfen: to the^^ve: t^.B.Mbadd from-'tha BPPt strain were obson/ed^ 

|S) Ana^vsia of transforming 

niRHA was axtraeted from the BpOl 7 simti transforrnad w^tb the ARP gono ; the BPPi strain iranstorfned with 
the ARP gone and tbo PDj 1 geno, and fte BUL §imm u^ed as the host and tbo amount e^praaasd of the PDi 1 eons 
w&o Investigated by Nodhern hybndi2;at^i Prornlhe bacteria? cells <^>ta}?>^d 'the strove tnrea strains enstured at 
30*0 ton 48 hours In the YM mKllum having, methanol an the epls careon oo^roe (Sakar ; X ct at (T9B1) 4. Gon. 
MfocibioL 12$: 3&S^S^ ; totaf R^A was e>rtmc^dby i-SS5^EM ffh$i@u^^F^ W Nfson Ck-neK.K;) and purged kmm 
BIOMAC5 mRNA punf Ration M (mannlaotered by Pc-fSoplive : Diagno^ios}. The pertfiod rrrR^A was syb^ciod to a 
l i% agafose gei efec^ophores^ {^ont^iriing MQP'B button 1 mM EDTA : 2,2. U iormm^^ an^ Jben bSoUad 

pnto iba nyion membrane, in the earno eondition as the SDUlbern hybf^dizatton: 
was carded out The probo used in the byondixation was ;i .S kb NottDN A fragment danved from the abov^^ent?oned 
pSrXRD. 

As shown In f -7; etrong exnmssion of the PD! 1 gene was observed in tha BPPI strain which was transformed 
with the PDI V gsne and weak axpression of poselhiy the snulnsin PDh gene was observed in the BUL strein and the 



BP&1? afraid 

The above tbraa bactef iM strains wara ci>8urad in the YM m€?dsum conla^^ng mathanoi aslbs sola carbon source 
at §0 a C tor 48 hoy rs- and then the PDI activity in Unite b&d$m\m ee&s was measured The harvested cesis were suspended 
in 50 my poiaasiyrn phosphate bujfer : pH 7 S, and transferred a 2 Eependorf t:jbe : to whieh was added an 
squat volume or^rconkrm beada (0,5 mm in diamatan. A procedure est vigors stirring, of the tube Jo? 3D saoonda 
^yaingtha Beads BsacSar pooel 3110BX; Blospac Products) Ml0&®ti:hy. cooling : ori' 30 seconds was rapsatad 
for aN lfma& Tha d?srapfel cans warn censdfugad at #p ai l 8,000' x § lor 5 mi?>u:^ and then ih<5 cnxyrnMic &ciw% 
•of ^--^iip^^ia^t..'wa& : - maasu m&. 

Tha i^aasumm^rri of Iba pdj activity was cardsd oat in aocordanca wim tbs malhod of Bniaon aiai. (Hluiison, P. 
AMal (1 $64} Math^s BnzymoL 1 07 ; 28^-234), thus, ana final malign m^turaaoamlns SO ruM p^assrum 

pbqsph&ta bi^apv pH 7.5., 500 of sefambteiS Rh!a&a : and D.01 orcliihtdshfeHbL Atiar the reaction mlxiurc was 
i:nout)a£ad tor 10 minutas,- Was sampsad out to.wn^h 3 mlof tha TKM bufe (50 Trfe-HQi f pH 7 5. 25 mM 
KCA 5 mM ^gOi). containing 0.2$ m$ yaast BNA w£*s r^l?3d.and:ih«n RNase activity :was daierminad by mes^bdng 
abaorbancaat 260 nm m a UV':cuvatta : at 30"*G tar ,2 minutes, Gna u&kol The >smy^# BotMly was da^nad as iH® 
ampmi.Ql mzym® ySSl&ymctmm* %a .a&soffcanc^ a* S60 nm par one minute. 

As shown in 1ab% I, the PpracSivity In the bactehahcslss was higher in tha SPPi strain transf orrnad with the PD; 
gene than the SPOi 7 &tt.aintmmimm$ with the ARP pane alona or *ba BUL strain usad as tha hoet by a factor of 0 
or mora. 
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* The levels of BUL and BPDX? were below the detection 



' (41 Sscf&ory. ^xpmseion. of !ha ARP 

Ifm strain trans ^ormodvv^h iha A BP gana Jha strain transfe an^d in Sof&of its® ARF ganr> and 

tba RDI1 gena. and iha BUL atrasn used a^ lha has l ware «uahralsd in the Yr^ madiiim containing methanol aa tna 
sola oafhon ^our^a. and the ARF ao! : ?yiiy in !he -culture liquid : v^a^ compared As ahown in Fia, S : . iha ARP activity in 
tha cuitura liquid ovtha BPPl stmin eoa^praaeed wr?b the ARP gaha and tha PDIl gone ruac^ad a maximum of 0.024 
U/roiatS4 hours aftar euitlvai ion in iha BPOlT suajn in which iha ARP gone only wae axpassaed. the ARP activity m 
tha cu^tura liquid rsaabed a maximum of 0 00S U/rnlat 84 hours at^er cyHivaricn, whila no ARP aativ^y was obsurved 
In the culture liquid of the BUL strain usad as tha host. Tha rasu^t re^alad that by- coaxprassing the 901% genu and 
tha ARP Qonalhe amount ^earaled of ARP teraaead bv about ID MM, 

Tho pr osani invajition mads: it poassbia to obtain tho PD\ gana of iho strain of mamyloteahic yoast and to obtain 
tha PDi an^rna by. skpra^&^:.aakl gansi ih ^rg^ ^ua^t^i^- using. satd: drairr of m^tb^btrophiG .y0a^t: F^jjlt^^or©, by. 
aoa^prasaing sa;d gona witb the gana of ih& dasirod se^ratory ptotain in tha .strain of mamyio^opbio yaast il boeama 
poasfela to d^ticaHy.. snajw-sa. thsu^rmunt-pfodua^d o1 : tha dasirad protasn. 

Nots;:'th : fe Invention axtand^i to mutants or rnodlriad forrm of tha nuelaotl-de ^aquaaoa and prot^ih aoquanoa of 
SEQ ID, 1, provided that lhasa arc asafxsalad with tha protein: disa^fkfe isOiTiara^ activity: ..vs^'ioh aitha jua$t inciudas 
!ba-ablil?Y !o oa^alysa: tormalion/aKchanga: protairi disulfida c&h^s aqd : teation in tha .SR. 

Ufewiisa; iha usa a( vaclors oo;*rrairvincu$uob muiants (moc^ikd sequ<5aaea to uansforrn iJo^ta so as to ineroaue 
Ibeir pD: aotiv^y i^ parNcular for ^xpr^^gva raeombinant (bataro^oysi proiain. 



EP-Q.S28304 A2 

SEQUENCE la ST I MG 

SBQ ID Nox 1 
s Sequence length c 203 0 

Saquenc^ types nucleic acid 

S t. r a nded n e s s t 00 u b I e 
w - Topology: linear 

Hp lecul e type> genomic DHA 

H j po t he tic a I ? N o 

&ti.3ens.e : i Ho 

■Orig-iniai sources 

Organ! s m £andlda^ 1, 

Strains $2 
^ J Sequence descriptions '- 

A&AGGGCTCT CGMTGAGTC ATTATTCATG CASTATCTGG TC'CA^STtC' T&MCAAfTT 60 
GAGTGACTTCL CSTTSCT TTA CCATCIACTCA ATCGTTTGA TTTA..GTGCTG TATCATTCCA 120 
CCATTTCATC AOTTTTTCAf ATCTAGTAACT AAATGTGlA AGCAACSATA ATCTTTGAGC ISO 

X.-<-' .... 

•ASMXCSCTC TTCTITGAIT CAATiGATCGT TTCATAGAC AGAIGAGTGA GAGGTAAATA 240 
GTTACATAGA TATATATATA TATATATSTAA ATTTAGTTT CSTCATTAO? CAATTGATTC 300 
CATTTAATAG ATTCATAGtA TAATATAITGA C'T TAAATAT. ATTTACATAT AG AC AT A AG A 360 

->■.'< 

TTTAAf% AT0 AAG TTA ACT AA? ITC AAA GTT ATT GGC ACA ATT GTT GGT 4 0B 

Net Lys Leu Thr Asn Phe Lys Val lie Ala Thr Xle Leu Ala 
1 ;i ID 

^ TOT TTA ACA GTT GTT AGA OCT GAT GAT GOT GGT GCC ATT QQA TCT CCA 456 

■Cy.$ teu thr V&i Val Arg Ala Asp Asp Gly Gly Ala lis? Ala B;er Pro 
i-5 20 25 30 

■40. GAT TCC GOT GTT GTT AAA TTA ACT GGT GAT TCA TTG GAA TCA TTG A TO 504 

Asx? Ser Ala Val Val hy&: L^u Thr Ala Asp Set: Pho Glu Ser: Ph« Met 

35 40 4 5 

^ AAA GAA AAT GCA TTA GTG TTA OCT GAA TTT TTT GGT GOT TGG TCT GGT 552 

Lys: Giu A^n Pro Leu Val Leu Ala Giu Phe Phe Ala Pro tip Cys Sly 

50 SS 60 

GAT TOT AAA AGA TTG GGT €CT GAA TTT GAA GTT GOT GGT GAT AAA TTA AGG 
His Qyr$ Ly$ Arg L$\\ Gly : P;rc> Glu Phe ; Glo Val AX« Ala A$.rr hy$. Leu 
AS ?0 ?S 



0 
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A « T> ■ > 



VxAli 



i : .i vAtv MfV A .t >v i i x lA i : >;>i A H x>& I. it*i Av^ ki'iA. v?A& AAA 



6 48 



43 JV 



ft J 



90 



v>Ax S. :.: A ivi: iGi iA* ^i-. Ai i AAA xA? ; A^I ilA AAA 



Asp 



iyr 

v. x< V- 



Sly X ie lv& Ci'lv 



105 



Uni GY > V® .. 



Au.«- ^v>,i a Av. .v>aA- «Aj C>AA uCi. vAr *hi \>\>- i IM A\4 ACi 



?44 



Arg Gly 



v v-. 



Ala GIv Giti . Arg Thi: 



iwn .A-i-w- jvu iCi in* .Al-Q Vil AM ^aA a^A Aul w^a L^i •vrix.v , f *? v ^ 



Asp 



Set lie Hit S-^r Tyr Met Vai L?y Gin Ser: fhr Fro Pro V^l 



1 fif> 



* VI, 1 ■ 



a,iv» VrAi t>iU v..iu iws «Ai: Aa« t>AA .C*A1 . W M Ail AAA 



3' -. J: ._V b' 



thr lie 



1 .V5 



AAT QAT C€T CTC TTT ATT CAA TTA CCA AAA QGT TCI AAA TCT GT'T 

As:n Asp Pro V&l ?hA ILe Ola Yal. Leu Ly§ Gly. Ser Lys Ser V : s.| 



i»0 



Wi« ; «Av it- A Awi i i ; i V?.A.A ivi^ n& i \?U t i i& AteA k*ni 



936 



G-Iu Ala 01 r As A Sex fht Ph^ Phe 0 1 ■ s. l.i>5 AIs .- Asn Glv Leu Arg A-^> 



105 



AAC TAG TCT TTT ATT TCA AC A ACA AGT AGT GAA TTG TOT TCA AAA TAG 
Am Tyr Phe ZU Ser Thr Thr Ser Thr GIu Ph^ S^r :S«r Ly^ Ty?: 



.19 



vf v 



TTG AAA GGT ATT 
Leu Ly5 Gly 



AAA AAA TCA GAT ACT OCA TCT TAT ATT GTC TTT AG A 1032 
Lys hyt* &&z Asp Thr Pro Ser typ lie L^u . ph« A«c : g. 



210 



215 



v^A A A i v?AA IIU xxyi. 5:<v..i XCA AT^. TAi AAA xlT ^Ax bAA .A 



: >>j£i'fV 

X yj AiS.V 



GIu G«u Ser Asp Ala' 



l i > 5 X 



Pro. Asn Clu 

:0AT GAT ACT GAT TTA ATC GAA TTC TTA AAC OTT 



hf S A:5|5 Oils life 

GAA TCA AAA COT TTA 



Bp 



^ i v.i. 



His lA-ii lie- Oiu Phs Lea Asn Vai Glu S'er Ly :? Pro 



^ "*i . J: 



X* 



■ ■ -x i » 



J. i ■ixy 



r he 



•G'Ty .G.Iu He I A:5p C 1 y Ser Ser Phe 



AT A TO GAA ATC AAA, 
Tyr Met Glu Hat 



' Li- 



to 
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"Vv* 



■TTA -pCA GTT GCT TAT TAT TTC TAT AAt <SAA ATC TCT GAA AM GAT GGC IZZA 
Lmi N'v* Va 1 A:L& Tyr Tyr File Tyr Asn Slu lie Sst Giu L$-$- Asp Ala 

s 

GiG tvl km ATC As* { AAA i : A AAA A^i v-Aa h\*h ***** AjfU >iT 1Z7^ 

Val Set Asp Ala Ik : $er hy.s- Leu ATa thr His. Arg Giy hy% %*mX 
w ' 290 295 30:0 

AAT TTC GTT'SCT TTA : 0AC. GOT TCT AAA TAT GGT TTA CAC OCT AAG A AT 1520' 
&&-fi Phe e 1 Giv Leu: Asp Ala SeT- Lv$ : T v r G } v i:,'eu Hi s A.IA Lys Asn 
?s >G^- J la- 

A' 1 A Aw fntit AAG e-AA GAA ilu Cvi- Cx.t. Qw.i All LAv*, « iA v.*wv. oyo 

lie A??r< Mei:. : Lys: 0 1 U GIu Phe Fro Leu Phe Al<« Xi.e His Asp Leu Al& 

%Zp 33i) 
ACT Cm TTA AAA TAG GST ATG TCC GAA GAT AAA Cm TTA: GAT AAT AAA. IJ><16 
"Thr :G.;iu t^:u Lys Tyr Giv : XX^ Sax G.bi Ast) : Lys Pro Leu Asp As ; ri L-ys 

"5£fV •:V : ?V<s- 

l lA Ai i vW\ Ah.A i fcjt.ii"- uAA i>AJ x.i.i* : v>ii ^wl b^i ^AA x^t-^ 

Leu Tl^ .fre -Lys: Phe Val Giu Axp Phs V&I Ai^ Gly Lyir: Leu Glu A.l-a 

-\ - f <i A >S c j 

ATC ATT AAA TCA GAA CCA ATC CGA GAA. .ACT CAA GAT TCT CCA Of T TAG 1512 

He lie Lfs Sex Slu Fro .li.e Pro OXu Thx. : Sitv A,§|> Ser v:al Tyr 

Ho ir$ $m 

lA 5 f J A biw v»-v»-a AAA iyAA w\i !UAi AAA A* i AT i «uu i t a v>Ai. AAA bA> latsv 

His Leu Va t Gly Lys Glu Kis A^p .Lyi? Tie Ik Thr Ger Asp Lys Asp 
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85 590 3 95 



QTC TTA GTT AAA TAT TAG GCT CCA TGC TGT ^CT CAC TGT AAA AAA TTA 1:60:8 
Val Leu Vs! Lys Tvr T y • : Ala fro Trp Cys Gly His Cys Lys hen 

..4(} : a &0-5- ^:.x : o 

GCT CCA GTG TTT GAA GAA TTA OCT GCT GTT TAT GAA TCA GTT GCT OCA 1C5§ 

AIs Fro Phe GIu Glu Leu Ala Ala ¥al Tyr Giu Ser Val Ala Pre 

41 5 420 425 $m 

GGT AAA GTC TTA TTA GCT GAT TTA GAT CAT ACT GAA AAT GAT GTC ACQ X?M 

01 y Lys Va 1 L$?u Leu Ala Asp Leu Asp His Tht; Clu A^n Asp V&l Thr 

GGT GTT CAC ATT GAA GGT TAG CCA ACT ATC GTC TTA TAG. CCA GCC GAT 1752 

Qir V?Ll His lie Glu Civ fyt Fro Thr Tie Vai Leu Tyr Pre Ala Asp 

. v . . j y ...... ^ .. . J 

4 -5.6 «5:$ 460- 
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CAA 


£0A 


GTT 


Of * 


i A^>» 




.•*« «y 

' C V/ { 




AO A 




•» »>> 

1. * *■ > 
••>, > 




1 v.. ; 




3 






.Gty 




v? i U 


Fro 




V <i 


Xy - 


;- J A s 


v? 1 V 


A ft 

> v.* 4 >. 


A r e 










































'■■ A*. 














f 

i V"' \-> 






*>.i J. 


AM 


»*'* 'a 


AAA 


OCT 




A. N[" ■» 




. i? . . 




*"* >\ 

*W* -W' -»L 


AAT 


i > v _->v 








..Ssc 


- -. ^ 

^* V,' V 




1 le 


ty s 








S !f: r 




-■- 


V <: i 

: ?'i ■ ftj. . 




A L a 


Asn 


A i *s 








■ > . v JV 




&AA 


V.' w' i. 




/> -.'V * 


GAA 


GAA. 


>* o> - 
>•> <5 i; . 


ACT 




OCT 








GAT 


I 






: -• <s ^ 






< i,v* 


* - 

:l v 
















ft & 


Pro 


V £ i- 


Asp 






?A 


/ ■ y\ 's 




















• T*.' . 


















r <' & 


G&A 


rm 


,»» ,HS .»> 

G Jt i- 


GST 


SAT 




GAA 








GAT 




>-y 




GAT 


■ * 








din 


: S S £• 


v « X 


Gly 


Asp 


Ma 




ty s : 






Asp 




Aj A 


A f 


Asp- 







vV 



^■i i' vi*i v?A.t V?AA x.xA it\&kh$\i\\>iA i>A&? xHM x& tA&h't :iM& i. r AAA i;Ai? It1i 1999 
V;si jftrg-.-A^p Leu 

,? v! ..• .J j, 

m 

- GTAAAAATXA' AAf TTAAAAT AA'TMAAAAA A £ O3:.0 

C fo h r n n^ n > •> 

Segu^nce ieilg the 4 
; ™ Sequence type: arftino acid 

t?o-g>o logy? 1 1 hea r 

Mo I ac u t vpe ; p<> p t iae 
^ Sequence descr ipt ion: 

Lyss Asp Gin Leu 

Sequence lengtii:; 4 
Sequence type c amino acid 
Tape i dgv* * i i nea r 
feleouie tyj>£^ peptide 
Sequence descr i pt Ion : 
His A^p Glu Leu 
S EQ I' D N o c A 
Sequence length; 4 
S^que?>ce type: amino aeid 
Topology 11 ae s r 
Molecule type c peptide 
Sequence Rescript ion s 




Cys Q l y H \ s Cys 
SEQ ID- N'O x S 
Sequence length: 7 
Sequence typet amino acid 
Tepo 1 c g y x .11 n& : a r- 



Molecule types ?>&mtlde 

S&que nc e de s cr lp t i on ? 

Fro Trp Cys .Gly His Cys Lys 
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Sequence ienqt h ? 7 

Sequence type z amino acid 

^o^oloov t 1 i nea r 

Mo lee su e type -; : pept i de 

Sequence Rescript Ion r 

Tyx Ala Pro Cys &lj His 



SEQ 10 Ho J 7 



Sequence le^Qthj 35 



seauence tyoe ? nucleic acia 



Tdpo x eg v * I Ine a r 



Molecule t ype i 
Sequence descr Ipt irfm 



SEQ 1:0 NO! 8 

Sequaneo length? 28 
S^jmsnce. type? nucleic acid 
To po 1 p 9 y c 1 xnear 
Mo 1 ec u I e type x 
Sequence desc r lp t i cm 
CGCGSATOCT. GWCCHCACCA 



SBQ I'D Mpr 9 



Sequence length: 4 
Sequence typec amino etc Id 
Topology; linear 
Molecule tyoe> peptide 
Sequence deser ipti on i 




flirt- 



4tf 



vV 
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ih\- msim Ttm.t wx&pgy disk 
cmmnmx rm pc compatible 
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Jvi.:) -08£GX$m SOURCE t 



W 'AaAGCGCTCT »t^OT: MtSmMS .^Bf^CC TCCASOCTTS WmtmTTS! 60 

cagtcacttg cotxgcttta : (scMcmcm %?$gtx$$$ tttactcct<? tat^ttcca 120 

£c:&tttcat6 '^c^rrTXid^T btcta^t^ct aaatgtcta ^ca^^a ^.tcmtiisc: iso 

A^jVTTCCCTO TtCTTm^f T. G^TXG&TCCX TX^V^GAC AG^TC^CTOA CACG^AAfA 240 

^ i : m%vrAi^T^ TM^mts#4 M^imcrrt cgtc&txsct ca&ttoattc 300 

O&TTT&AT&C ?v^TqAT^CcT?v tW,Wi;W ttTA?« rvT^^CA*M' : A£ACATAACA. 360 

' &m$& M# ^ » ACT TXC AM STT ATT sac. ACA ATT CTT OCT 406 
M*fc Lys Tfrr ^11 Lys V&i Zl& Th^ &Xa 
X S 10 

tOT XT A "ftCA-: *5;TT: &TT ?>C*A SCT &AT <>AT CCT OCT GCC ATT OCA TCT CCA 456 
Cyss !hr Val M «rg A.\ « Asp Ssp &iy M,a. lie A.X& Ssr Prc< 
iS : 20 2?> 30 

sst tec gct' mt- gtt m m act -got gat ?tc: tca *t<* ato so 4- 

Asp. S<sr Al?i V&l Veil Lys Thr Asry Sfei' Ph« Olxi S^r ?h© m*: 

S53 





AAA 


GAA 


: AAT 


CCA 


TTA 


OTC 


TTA 




GAA 


TTT' 


TTT 


OCT 


CCT 


TGC 


TCT 


CGT 




£ys 




Assri 


Pro 










Giu 




Po£ 


Alc5 


Pro 


Trp 














50 




























CAT; 


TGT 




AG A 




GST 




CAA 


TTT 


CAA 


GTT 


CCT 


GGT 


GAT 


AAA 


TTA. 




M« 


Cy* 


t-ys 
&5 


Arg 






Fro 


70 


Phe 


cin 


ViU 


Ala 


Ai« 


Asp 




L«« 




GTT 


SA£ 


AAA 


•GAT : . 


ATT 


AG A 


TT'A 


OCT 


CAA 


ATT 


GAT 


TGT 


ACC 


GAA 


gM 


AAA 


Oc? 


V^i 


SO 




.A.S|> 


IIS 


Arg 




Ala 




. Xi^ 




Cys 
90 




GUj. 


CXo 


.^ys 




CAT 


TTA 


TO? 


TCT 


m? 


TAT 


OCT 


ATT 


AAA 


GGT 


TAC 


CCA 


ACT 


TTA 




GTC 




Asp 










Tyir 






Lys 


Gly 


Tyr 


Pro 


Thr 


X<^Xi 






v >\ 












im 




















iia 




TXT 


AG A 


oax 


TAC 






GAA 


CCT 


TOT 


CAT 


TA^T 


GCT 


COT 


CAA 


A<?A 


ACT 




P : ho 




cly 


Ty v 


XI 5 






Pro 




As;p 
12G 


Tyr: 


Mi 


cXy 




12S. 


Thr 


.<£ 

"Vv* 


TCR 


CAT 


TCA 


ATC 


ATT 


TCT 


TAT 


ATG 


GTT 


.?vAA 


CAA 


TCA 


ACC 


vm 


COT 


CT^I 






Asp 




I U< 


Xi© 










Ly« 






Thr 


Pro 


?>vO 


Val 




TCC 


ATC 


£TT 


GAT 


OAT 


CTC 


TCA 


GAT 


ATG 




GAT 


km 


ATT 




CAA 


TCA 






i i o 










Set 


X 50 


Tie 


Glo : 


hasp 


Thr 


Xlo 
ISS 




CXu 


Ser 




aat 


CAT 


COT 




TT'.r 


ATT 


CAA 


GTC 


TTA 


C€A 








AAA 


TCT 


CTT 






Asp 








lis; 


Gin 






Pro Lys 


CXy 


































170 











64 B 



69^ 



744 



792 



040 
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■V *\ 

"Vv* 



OAA CCC OCT AAC :AGT TTC TTt ATC OCT :AAt- T^h . Qht fH- 

Qlxi /0I:y Asa S&g Thx- PAsr I?.h« OTu £|.s* A.ls ,&m\ & i y Am Mp 

.17:5 1S0 IgS 19 D 

&AC T.&C TCT TTT ATT t&&...$£h ACm kC$ &k& T££ TOT TCA &&k. ?&C, §S4 

&s : fi Tyr Fh§ lie $er T^r tk Sor thr PAe Ss*r S&r Lys Tyr 

i$s acso aos; 

OCT ATT mh ^ ?CA GAT ACT CC& TOT TAT &T% fft&Wtx' km 1032 

tm ty-s Sly £le t>y$- Lys ^er. ^^p Thr Pro £Te Leu Arg 

210 215 220 

CCA AAT m\h » TTQ TCf SAT OCT TC& &T0 T&T AA& TTT OAT M't 1060 

P*£< mn Sin-' Olvs L&u Set: &«fp X % r yT tyss Phi? A*sp &tis T.i;« 

£25 230 235 

gat sat s.a c&t m &xc :d&«A txc m tec f^T rqr> cot m*v .113$ 

Asp Asp Thr Hiss IX.® Siu Phe Leu. Asr; Y&l Ci-U* S&j? Ays £ro O&u 

240 .^45: 250 

*r?q v>:GT gaa ato oat oct .TeT"tOT tt.c caa tot ta? ato- caa hts. M i.m 

Phe Ci iy GU; H©t; top Oly A&r S?i£r: <3& ; fc Tyr Het j^et 

ass %m m$ 2fd 

TTA CCA GTT ^OT TAT TAT TTC mt -P* «AA TOT GA^ ASA GAT 000 . IZZf 

feo Ala Tyr Tyr £hs> :'Tyr- . &s>i : Olu lis? 4X^': tys ^sp Ais 

27S 

GTC- TCT CAT &*€C ' AGX AAA Ta'A GOT AAA &CT CAT AQA v$GT AAA OTT !VS72 

Val S^x- A»p M^- II* t%* Leu Al» Lys TAx His Qly V«t 1 

2§0 ^00 

AAT TTC CTT TTA <yAC GOT T€t AAA TAT GQT TTA €A0 mf> km 13 20 

'?he V-iJ. Sly A^-e A 1^ Sstr .Uv^ Tyr Oly X.*?^ His? Ala L v Asju 
30B 310 

:^TT AAC ATC AAQ 0AA <^AA TTC OCT CTT; TTC CCt ATT ;CAC SAT TTA SCA 

21e Asn H^t: Lyb C.iU aU? Ph« Pro l^s: Rh^ ,?v : ls. ri£ Bis Asp L^ii Ala 

320 32 & -S^W- 

ACT CAA TTA MA TAG £QT ATC TGC €A& OAT AAA OOA TTA OAT AJVT AAA 1416 

Thr OTii tys Ty^ Gly lie .Ser MZri Asp Ay^ Pro Asp AsA 

335 540 345 3Sb 

TTA «TT CCA AAA TTC CTT CAA C^T TTG GTT OCT GOT AAA ^TA OA^ 00A 1464 

l^u lie Pro Lys Pto Val. Asp Ph® .-Vai Aia Gly Umi M-fr 

zm 3*>$ 

ATO ATT AAA TOA ^AA CCA ATC CCA <^AA ACT CAA OAT TOT CCA OTT TAC IS 12 
.T:T& : :0y* : Ber <i>if Fro Tie Arc '<*lu Thr 01^ ^sp A.f>> Vsl Tyr 

3?o 27^ aao 

CAT TT A CTC OCT AAA G AA CAT GAT AAA ATT ATT ACO TOT GAT ASA OAT T5A0 
S©. HTs Aeu Val. 01 y Xys aiu Has ly« H« X 1 ^ TAy Sei M|> Ays A;S# 

;5§5 

GTC TTA GTT AAA TAT TAC QCT CCA TOO T^T COT CAC TOT AAA AAA TTA WOB 
Vi&i V>iT £yfc Tyr Tyr ATA Pitcj Tr^ Cys Cly His Cy>? Lys? l<ys 

4C0 405 4T0 
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«c X v. 


a. a * 
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i- A, A HE*. 
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A A ■ 
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Vi V. A 
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V 39t a 
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■J ■ J v J 
*^ V* 




















430 






.V -N i-A. 
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&AA 


an m>A 
v? : V.. 


TTA 






0.ftT 




am- 


cat 


ACT 


GAA 


AtAT 


OAT 




ACC 
























His 


Thr 




Asn. 


Asp 


44 S 


Thr 






V* A 


. ^TT 




AT^ 




0<JT 




CCA 


A W ■>* A 


A TO 


GTC 


A "A * \ 


■A J" -V Sr* 


CCA 






1 752 








Hi SJ 


lie 
4 SO 

Y 






: Tyr. 


Pro 












Pro 


Al« 


Asp 






>"\ *"\\ 




v.- »i 


CCA 




Vv i 1 




OA A 


.i^S >\K ■ 

X> rV A. 


A AC 




A Sr*. - -V 


1 , A J 
■A V A 


CAA 

At* % A^ ^ 


TGT 


TTC 

A *A ^w* 


A' V W 






^ :*N >■ 

M S- -V 


t » V i 

VJ? ^ |-v 
.S - '~ >* 

*o- fcN 


A-.'X- "*.A 




< !• ; : 




C 'l ! 


> . 


As* ft 


A 




A ■ Kk 












TCC 


OAT 


TTC 


ATT 












TCA 




V? i A 


GAT" 




AAT 


GCA 


^S4A 


JVV 




4 s- fj 






V 




A * 




S5 S f 


W N- »S 








*i P vA 




A 1 ^ 








St ^ 










>•■- >, * 


> fcA Jo 




JiCT 


C-AA 




■J -V ' '» '■ 


Ti " A 


•A* A- 


f \ ^ -r^f 








?' - • 
^ v 




Pro 


Ty- 








° *■ .? 














Asp 






:*S ^ a 






























sio 




■as 


Cr 


to Af-> 


. >*v^k ■ 

■ ■ • AA 


GTT 


V< K» A- 




act 




AAA 


X ft- 


GA'T 






A 












1 a 

^ O 


V-.A- 




01 v 






fN < • * 


* 


V A- 

y- : vr 


Asp 








Al« 








CTT 


car 


OAT 


<?M 




















->■•'< 






^ ^ So 































CTAAAAATTA AATtTA^AT AATAAAAAAA h 



^ \2y :Xti$.&j&&TXQti FOR SSg ID 2-5- 



te^l.B. TtFtv peptide 
Ly s Asp: G Ltvc 





: CEA.R 


AeTCAXSTlCS; 


<A5 






( Wt 


TY?£r 




cm 


TDPOL 


OCY? linear 



20 30 



18 



EP 0 826 004 A2 



MOLECULE ePE; ^p£i;$$-.. 
&i£> kiU$ Oivi L&u 

... ■ ... 

ih) mmm$ 4. amino acids 
(B) T£-PEi amino acid. 
(0) VQtmmti. linear 

CVB Giv His CVS 



(2) XH FORMAT K5& FOR S&Q IB HOi Sr 

it} ssmmm cmmmtmjs?imi 

(A3 LS^GTHi ? a^ino acids 
$8> TY£Ej &&£ttO acid 



to^o^ck?^ i x i near 



'V ^ ......... 

Pro Trp Oy^ Gly His C><£ Lys- 

<3> X^ORM^TXO^ FOR SE£ It? Gy 

(A) tB&a!THs •? ' acids 
£•8) TvpSi smino acid 

f i > > MOL^CO TVS' ^v^; ; rw»r>t- 1 4^ 



.ivl .<yJ*«& i^v*' i ;tTw • U V * U.i¥ .*> 4. »■ 



(2- J" I^O&tt&tIO& «: S^g ID ?? 



: {AJ I;EMC>xH S £9 b«&£ palm 

:{B ) hacXeic' acid 

(0) TOPOLOGY r lift*** 



{2} tWQ%ti&$XG8 tOk ID &j 

CHARACTERISTICS ? 

i D } linear 



{ i.U KOLECOLB TV'Mi peptide 
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43} TY^Sh: o^e&.eiq- solid 
&?M€$ft$QC GOCCOCA^A T^AGTX^^C TAJ^tTC*^. 4D 

it} mmm&nos mi< . xs &a; ii> 

(B) TV i ftuci^io acid 



^tiV^A^t^c oaccoc^T^t a&ttc?vtcm: u-hhc^nr>. 30 



Ck-ems 

"t , A protein, delved f rom a strain of m^hylotrophiG yoast wh&h Ms a protein d&islf sda bamerase activity, kawglha: 
amino acid s^ugnce as sdt foilh in SEOID % or protein In weish said amino add MQ^enc^ has b^sn modified 
by dsietovor ^&\ikM : <$-$ie. or a-few '^nino adids-, 6r st'b^tjttit^ii with qtharahiind aoidis) and wftish has -a protein 

■% & prc&$*$ d$f from a slmin 0? rrssf vyipirophiio ysast. whfeh has the conserved region of the. a&t&e center for 
proton d&oitlde ' : to^?'Q^'corripi-i€ifr§. Oys'<>ly->ifS<Cys £$EC£ ID No, 4) erid an endoplasmic r^tisylpir* reicet?on 

c^prtog Ar^A$p^1u- t«u -{SEO ID No; S). and which ^as ^ p;ot#i ^y^d# ^orr^?^§e 

$, A g$m §noodhg. a proton according to $ajm i or 2 

4 A ger*e aeeordEng to claim 3 repmssnted by npcl$p$d& ssquanso as wt ferth in SEO I D No 1 
■By A vssior comprising a gsns acooi^ing to oislrp: 3 or 4. 
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'& A traestemaei obtained -by-fr^&&rm&?g & h&st mih a vector adeeming to elaim 5. 

7. A tmnsfem^ni 'according: to c\mm B \\^e.mti : the host is a .strain of ?mthp>f mphfe yssast 

S.. Atransfo.msant aooordirrq: to claim 7 vsherem the strain of msthv-ot^phic yeast is: Candida boid-inis, 

& A method for pfociuclrtg a p^etn having ^ pi^tiei«:.dM^Sfe- ^^i^r£§$ activity, which method co^po$$$ oySuring 
a trans? orrnani aseordlng 1» sriy otw ofoUwm .6 to 8, and ihen ox:ovx'ffrcg the; protein from.lhe m |tur&. ■ 

1 0«. ■ A r ne* hoes for producing a peptide or a pr<mk\ mq&&M by a heterologous str uctu rai gene, which method cornp* tees 
etWrirtg- a ^fe'^i cottaesfon-ned wah a vector according to dlairn 5 ami a vector having e haterobeous 
stastftra] oeoe a.nd theof neovef *ng an expression product of !h0 h«5iec'o^cu^ ^f:ucl)^al <iene, which & the pep^de 
m the ptota1n : from the cultures 

11; A iTfemoo 'for prociue sng a peptide or a protein encodad fcy a h^t^roipgpu^ st'ueturai gene, which method c^rriphsee 
; Q.uituhrf g a ir^femiant sotransfor med with $. m&iot: whloh eoma^s tfm. mzom^pmi gen s of th e protein dlsuiHde 
$>cft?$Tase-cf a msthylouoph yeast and a vs&tor h&vsr^ a he*ar o&gous s^yctura) gane and than f ecovann^ an 
■ expression pmtfuci of the hatspc>!ogoes streciurai gene which i^ ths psp^de ;or the prote^v- Jroj-n the eetoa ; 
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